Abstract The aim was to study if postoperative
Introduction
The surgical outcome in lumbar spinal stenosis (LSS) is good to excellent in 64% of cases [40] . Postoperative physiotherapy is often prescribed after LSS diagnosis [38] , and also after LSS surgery. Postoperative rehabilitation (PR) has been reported to improve outcome after disc surgery [26] . According to Mannion et al. [24] , supervised rehabilitation had no significant influence in pain and selfrated disability as compared to no treatment/self-management after decompressive lumbar surgery including disc herniation and LSS patients. However, there are no earlier studies of PR examining exclusively LSS patients. Our aim was to study if supervised PR, including strengthening and stretching exercises (Figs. 1-7 of supplementary material) guided and done at 12?12 physiotherapeutic visits and further at home, could improve the functional outcome compared to standard treatment.
Materials and methods

Patients
The study subjects were 102 patients with clinically and radiologically defined LSS [31] [32] [33] [34] [35] [36] . Selection for surgery (secondary level care) was made by the orthopaedist or neurosurgeon between October 2001 and October 2004 in the University Hospital. The inclusion criteria were: (1) presence of back, buttock, and/or lower extremity pain, with radiographic evidence (computed tomography, magnetic resonance imaging (MRI), rhizography) of compression of the cauda equina and/or exiting nerve roots due to degenerative changes (ligamentum flavum, facet joints, osteophytes and/or disc material) [21] . ( 2) The surgeon's judgement that the patient had clinically significant degenerative LSS as the main diagnosis indicative for operative treatment. A previous spine operation or co-existing disc herniation was permitted. The exclusion criteria included emergency or urgent spinal operation precluding recruitment and protocol investigations; cognitive impairment prohibiting completion of the questionnaires or other failures in co-operation; the presence of metallic particles in the body contra-indicating the MRI-investigation. The surgeons sent the information about eligible patients to be operated to the Department of Physical and Rehabilitation Medicine (DPRM), which organized the study. The study flowchart is presented in Fig. 1 .
The patients received an account of the study during their outpatient visit to the DPRM and provided informed consent. The information of 119 eligible patients was sent to the DPRM; 17 patients were excluded due to different reasons [10] , concluding 102 patients to final study population (Fig. 1) . MRI of the entire lumbar spine was performed with a 1.5-T imager (Vision; Siemens Medical Solutions, Erlangen, Germany) for study purposes. T1 and T2-weighted magnetic resonance images were obtained (T12-S1 sagittal images including parasagittal imaging of all of the neural foramina bilaterally; transverse images from the L1 to S1). The type of stenosis (1. central only 2. lateral only 3. mixed) and dural sac area (mm 2 ) of the most affected level were determined once by one neuroradiologist without knowledge of the patients' clinical symptoms. The Ethics Committee of Kuopio University Hospital approved the study design. Patients' demographics, information of type and severity of stenosis and excision rates of co-existent disc herniation are presented in Table 1 .
Randomization
In the presence of two authors, the two-block randomization was performed to the rehabilitation group (A) and ''standard treatment'' group (B). Gender and age under/ over 60 were adjusted in randomization.
Surgical technique and normal postoperative ''standard treatment'' for all patients All the patients had open or microscopic decompression of the affected level(s), i.e. laminotomy, hemilaminectomy or laminectomy, with undercutting facetectomy. In seven cases, additional disc excision was done. Nineteen patients had additional fusion, two of them with instrumentation (Table 1 ). All the patients received routine (not-studyrelated) preoperative information at the hospital about immediate postoperative mobilisation. They were advised ''to stay active'' with no restrictions in normal daily living. Patients had routine operation-related control in the orthopaedic or neurosurgical clinic at 2-3 months postoperatively. At this time point, the surgeon also confirmed that there were no restrictions prohibiting rehabilitation. Since there were no restrictions with other postoperative treatment by the study protocol, the surgeons and also GP could prescribe other possible treatments postoperatively if needed (analgetics, physiotherapy etc.). If no specific need for further treatments existed, then either no treatment or self-management represented the only ''standard treatment'' for patients in B-group.
Postoperative rehabilitation for A-group
The A-group had thus PR in addition to ''standard treatment''. The more detailed description of PR is presented in supplementary material. Three months postoperatively, once a week supervised exercise training sessions (90 min each, lasting 12 weeks) were started at the DPRM, in the university hospital. At the first and second visit, a physiotherapist supervised the stretching and strengthening exercises. Exercising continued at home and at the next training sessions. In physiotherapeutic training session, there were maximum six members of A-group per one physiotherapist enabling individually estimated exercises. On the 6th and 12th visits, the volume and/or type of exercises, if needed, were progressively increased (or decreased/modified if there were complaints of pain or other symptoms) to optimize the effective training. This 12-week intervention was repeated at the one-year followup in order to check the appropriateness of the home exercises and to motivate patients to keep training. The strengthening exercises were intended to maintain and improve muscle strength and endurance of the hip and thigh muscles, as well abdominal and back muscles. There were minimum three different types of strengthening exercises. The recommended frequency of these exercises was at least 3-5 times a week. Each type of exercises was performed 3 to 5 times a day, with repetition frequency of 60% of maximum.
The aim of the minimum of four different stretching exercises was to increase stretchability and decrease muscular tightness if they were present in hip flexor-and hamstring muscles, as well as in the back muscles. The recommended frequency was once a day. Each type of Four trained physiotherapists (personnel of DPRM) were involved in supervising and monitoring the exercise sessions, where each participant undertook their own programmed sessions. Patients were verbally instructed on how to perform the exercises, given pictures illustrating the positions and an ''exercise-diary'' to improve their motivation to perform the exercises at home. We presumed a minimum 6/12 visits (50%) in first 12-week intervention as meaning that the patient had adopted an effective home exercise program (A'-group = ''as-rehabilitated group''). We did not set minimum amounts but only provided recommendations about minimum amounts of stretching and strengthening exercises to be done at home.
Main and secondary outcome measures
The functional outcome was evaluated using Oswestry Disability Index (ODI), which was the main outcome measure. Four secondary clinical outcome measures based on pain, satisfaction and objective walking ability were also used. Outcome measures were evaluated at the start of the intervention (3 months postoperatively) and at primary end points (6-, 12-and 24-month postoperatively; treadmill test was not done at 6 months).
ODI (0-100%) was measured by the validated Finnish version, where 0% represents no disability and 100% extreme debilitating disability [8, 9, 11] .
Back pain at rest (during last week) and leg pain at walking (during last week) were measured separately with a numeric rating scale 0-10 (NRS-11) [6] . The questions about pain were anchored on the left (0) with the phrase ''No pain'' and on the right (10) with the phrase ''Intolerable pain''. Satisfaction for surgery was assessed using with a seven category scale as follows: -3 = surgery was a total failure, -2 = condition considerably worse -1 = condition slightly worse, 0 = no change, 1 = condition slightly improved 2 = condition considerably improved 3 = totally cured [32] . Physiotherapist supervised treadmill test. The patient was asked to keep a straight upright position during walking (a zero degree ramp). The starting speed was 0.67 m/s, for the first 10 min (400 m), then 1 m/s next 10 min (600 m); maximum result thus 1,000 m in 20 min. If the patient was not able to start with a speed of 0.67 m/s, another test with a starting speed of 0.5 m/s was applied. The overall back and leg pain (at the moment, in the sitting position during study physician visits) was recorded with a Visual Analogue Scale (VAS 0-100 mm) at the start of the intervention, in order to adjust overall pain [27] .
Other descriptives measured preoperatively ( Table 1 ). The physiotherapist measured height and weight. Body mass index was computed (kg/m 2 ). The age was determined at the time of the operation. Depression was assessed with the Finnish version of the 21-item Beck Depression Inventory (BDI), with scores ranging from 0 to 63 [5, 28] . The number of comorbidities was recorded with one modified item (item number 3) of the Work Ability Index (WAI) questionnaire [39] ; the self-reported number of current or Table 1 Preoperative demographics of study groups and the total population A 0 patients who performed acceptably at the 3-6 month intervention, A total A-group, B total B-group, BDI Beck Depression Inventory ** p = 0.038 Mann-Whitney U test between A 0 -and B-groups. Other differences of descriptives between groups are non-significant recurring diseases diagnosed by a physician (range 0-49). The number of diseases was then recorded as a sum score. Back problem related preoperative conservative treatment was also asked with a preoperative questionnaire, as well as in postoperative follow-ups between 3-and 24-month follow-up as follows: number of physiotherapy visits or guided gym/training (NPG) was recorded before operation, and in follow-up, in order to describe the postoperative not-study-related treatment in both study groups. Self-acting exercises were recorded also before the operation and in 6-, 12-and 24-month postoperative follow-ups with question ''Do you have had self-acting back exercises (yes/no)?'' The frequency of back exercise training (FBE) was asked with questions ''How often have you done the exercises during the last 3 months?'' (6-month questionnaire) and ''How often have you done the exercises during the last month?'' (preoperative, 12-and 24-month questionnaires). Score was 0 = daily training, 1 = 3-5 times/ week, 2 = 1-2 times/week, 3 = less than once a week. The patients who reported not having self-acting exercises were coded as 4 = no back exercises.
Statistical analysis
Power calculation was carried out for main outcome measure (ODI) only, to attain power at least equal to 0.80 at the 0.05 significance level (two-sided). A clinically significant change (effect size) was considered to be 12 points. Postoperative standard deviation (SD) was estimated to be 18 based on the earlier works [15] [16] [17] . Thus, 37 patients per group would be sufficient to detect a 12 point clinically significant difference in ODI. The final population over 100 was chosen to ensure power even with a 20% dropout rate.
The general linear regression model (GLM; repeated measures; SPSS, Version 14.0.1) was used to compare the differences between A-and B-groups 3-24 months postoperatively. For each outcome measure, three separate GLM models from the start of the intervention for each three primary end points were created (3-to 6-month; 3-, 6-, 12-month and 3-, 6-, 12-, 24-month), to detect potential effect of intervention in any primary end point. Three covariates were used. The ODI and overall Visual Analogue Scale (at the start of the intervention) as they considered being confounders [41, 42] . The cumulative FBE from the start of the intervention to the 6-to 24-month primary end points was taken into account (summing the codes 0-4) to adjust the cumulated effect of self-acting training during intervention. The missing data of FBE (each 6-to 24-month questionnaire separately) were replaced with the group mean before summing the score.
The analyses were performed ''as-rehabilitated analysis'' (A 0 vs. B-group) and also ''intention-to-treat-analysis'' (A vs. B-group).
Imputations of outcome measures for the first postsurgery assessment (3 months), the values were imputed by using the patient's preoperative value and assuming the same % change from presurgery to postsurgery as obtained in the whole group. At all other follow-ups, the last value was carried forward [19, 24] . Missing data about satisfaction at 3-month postoperatively were imputed using the 6-month value.
Results
The preoperative questionnaire indicated that a minimum 50% of the study population had physiotherapy or guided gym/training related to back problem before the operation, on average 14 times (Table 2) . Furthermore, about 2/3 reported that they had undertaken self-acting exercises (any source) and over 46% reported doing self-acting training minimum 1-2 times/week preoperatively.
In A-and B-groups, all outcome measures significantly (p \ 0.05) improved after the operation [31] [32] [33] [34] [35] [36] . Figure 1 reveals that 7/50 patients in A-group were not able to undertake the anticipated (6/12) physiotherapy visits (3-6 months postoperatively), and there was one dropout leaving 42 patients in the ''as-rehabilitated-group'' (A 0 -group) for statistical analysis. A-group had significantly more postoperative physiotherapy visits or guided gym/ training than B-group (22.10 vs. 9.17 times, respectively; p \ 0.0001 t test). The frequency of self-acting exercises was also significantly higher in A-group during 3-to 24-month follow-up (p = 0.028, Mann-Whitney U test). In A 0 -group, the differences were even higher: 83.4% reported at least 3 to 5 times a week training frequency in a 3-to 6-month period, compared to 42.3% in B-group. At 12-month follow-up, the same figures were 47.6% (A 0 ) and 28.8% (B) ( Table 3) . Total loss was 4.9% (four died due to not-study-related reasons; one drop-out).
The study intervention did not improve the outcome compared to the standard treatment ( Fig. 2; Table 4 ) in any points at 6-, 12-and 24-month follow-ups according ODI (p values were 0.74, 0.43 and 0.95 in ''as-rehabilitated analyses'', respectively). The course of ODI was stable in the A 0 -(A) and in the B groups during the entire follow-up. The secondary outcome measures exhibited also stable courses (Table 4) . Outcome measures appeared to be worse in B-group after randomization, but the levels were non-significant (p [ 0.08, t test and Mann-Whitney U test depending on the distribution of the outcome measure).
Discussion
Main findings and methodological considerations
This is the first prospective study of PR with LSS patients only. The result indicates that routinely performed active physiotherapy with strengthening and stretching home exercises do not improve functional outcome (ODI) as compared with standard treatment.
In the statistical analysis, the focus was on identifying the real impact of postoperative 3-to 24-month study intervention compared to standard treatment. This was done, first, by adjusting the real effect of the fulfilled selfacting training (FBE). Secondly, the functional ability and overall pain at the start of rehab-intervention were adjusted, since both were potential factors influencing the training capability. Finally, the data was analyzed in ''as-rehabilitated analysis'' according the fulfilled physiotherapy study-related visits between 3 and 6 months (A 0 vs. B-group), in addition to comparing original the A-and B-groups (intention-to-treat -analysis). The presented group sizes and observed SD (18.5) enabled sufficient statistical power.
The intervention
The scientific basis for intervention was thus ''conventional active physiotherapy'', in order to improve muscle strength and endurance, as well as stretchability, this being based on a training program with individually estimated volume and, if needed, quality of exercises. In the literature, the frequency for undertaking stretching exercises in different diseases and among older patients has varied from 2 to 7 days/week [2, 25] . We provided a daily recommendation to ensure the best effect to increase flexibility, with sufficient stretching time [3, 4, 29] and frequency [3, 13] . The recommended minimum frequency for muscle strengthening exercises was 3-5 days/week. According to the ACSM/ AHA recommendations 2007, every adult should perform activities that maintain or increase muscular strength and endurance on a minimum of 2 days every week [12] , this also being the case for older adults [25] .
There are results in patients with lumbar disorders indicating that impaired abdominal muscle function in low back pain can benefit from abdominal muscle training in rehabilitation trials [18] . In addition, the benefits of physiotherapy in conservative treatment of LSS have been reported [23, 42, 43] . There was little evidence available concerning the effect of abdominal muscle training in a clinical setting when planning this study [14] . According to Simotas 2001 [30] and clinical experience, LSS patients have often a kyphotic posture, adopted to reduce the pincer effect of lordosis. This may cause a secondary shortening of the hip flexors. Hip flexor tightness (shortening) can aggravate the condition by forcing the patient to effectively increase lordosis. Lumbar hyperlordosis would increase the symptoms of LSS [7] . Maintaining better posterior tilt with better lumbopelvic muscular stabilisation has been claimed to relieve the symptoms in LSS [30] . Thus, the stability of lumbopelvic and abdominal muscles, as well as the flexibility of hip flexors, hamstrings and lumbar paraspinals was regarded as an important issue in the exercises, which were provided here in the postoperative setting. Our results are in line with the randomized controlled trial by Mannion et al. [24] where a 12 week physiotherapeutic intervention (2 9 30 min/week with home exercises) did not lead to any differences between three groups (1. Controls, 2. stabilization exercises and 3. mixed techniques). Our intervention was more uniform, since our preplanned exercises were supervised by the same trained physiotherapists. Our intervention started 1 month later to minimize possible operation-related problems. We included also patients with fusion. Posterolateral fusion has been reported to be the most invasive procedure of the paraspinal muscles in various lumbar back surgery procedures. Paraspinal muscle injury during lumbar back surgery may be one of the most important factors that causes atrophy of the muscles [37] . The aim to rehabilitate after lumbar fusion is supported also by the finding that back muscle strength and endurance has been reported decline after lumbar fusion [22] . We believed that functional outcome after decompression with fusion could be improved by means of ''conventional active physiotherapy'' in the same way as after decompression only. This is because the intervention included training also for other muscles, i.e. it was not restricted to the back muscles. LSS patients with fusion have similar postoperative problems as tightness of hip flexors and hamstring and/or muscle weaknesses as patients with decompression only. The similar aspect in inclusion was when we did not want to exclude patients with isolated lateral stenosis, or patients who had additional disc herniation. We wanted also ensure that surgeon could feel free to undertake all the necessary procedures (fusion, disc excision) according to preoperative findings in operation, i.e. we ensured that our study could not possibly affect the ''normal operative treatment of LSS''.
The specific home exercises of intervention were performed in the period 3-24 months postoperatively, which was considered to be long enough to reveal any improvement in the study groups, at any of 6-to 24-month followups. The 12 week physiotherapeutic intervention was repeated at 12 months to motivate A-group to keep training, because in patients with chronic low back pain, an active progressive treatment program was more successful in the short term follow-up but the group difference in lumbar endurance tended to decline at the 1-year follow-up [20] . A 0 /A-group had clearly more guiding for self-training during the intervention by trained physiotherapist, who had also several years 0 experience of treatment of postoperative back patients in the university DPRM clinic. Based on the remarkable greater amount of the NPG and the FBE in the A 0 -group, the study intervention should indicate the change in outcome measures at least in the first primary end point if the intervention had had any effect. Here, A 0 /A-group had had significantly more NPG and they had done 3 months intensively home exercises up to the 6 months follow-up. The FBE diminished in A-group at the end of the follow-up to the same level as noted in B-group, indicating that the 12 times ''booster'' intervention had no effect on frequency of the training and outcome at the end of the follow-up.
According to the latest study, 59% of patients had been prescribed physiotherapy after the LSS diagnosis by the spine surgeon; according to the therapists, 87% of them had been given flexibility-, 86% stabilization-and 83% strengthening exercises [38] . Thus, it is likely that LSS patients received supervised exercises in some course of the disease, which is supported by findings in B-group (67.3%) in preoperative phase (Table 3 ) but also in the postoperative phase (88.5%; Table 2 ).
Limitations
Due to several shortcomings, our results need to be interpreted with caution. It should be noted that this study could not determine whether our study intervention was better than ''no exercises'' or ''no physiotherapy or guided gym'' because of substantial activity in the B-group. The effect of the patients' own activity on outcome in control group, or the natural postoperative course of the disease was also highlighted in the study of Mannion et al. [24] .
The second weakness was that we permitted 10 of 102 patients to participate as controls without a true randomization. This decision was done after start of the study, when a patient did not have the opportunity to participate in the rehab-intervention if randomized to A-group, but he/ she could participate as a control. Some patients had a long (even [100 km) distance to travel to DPRM, and some patients had also limited transport opportunities. To avoid potential drop-outs from rehab-intervention and to optimize recruiting time which took still 3 years, we made the compromise decision to allow totally ten patients to participate as controls (since they fulfilled all the other inclusion criteria of this study project). Thus, this was not a true randomization study. When comparing, however, A 0 -group (n = 42) for patients who were truly randomized in B-group (n = 42), there were no significant differences with ODI (6 month: p = 0.69; 12 month: p = 0.80; 24 month: p = 0.90).
The third weakness was that after randomization at the start of the intervention, the B-group had worse though not statistically significant worse symptoms and functional ability, and this situation lasted throughout the follow-up (Table 4) . Referring Tables 1 and 3 , the groups were balanced in terms of many parameters. The only difference was that in B-group there were more patients with previous lumbar operation (PLO) than in A-group (10 vs. 2). Patient with PLO had statistically significant worse disability and satisfaction after surgery (data not shown).
Contrary, those ten patients who were admitted to B-group without randomization had indeed less symptoms and disability than others in B-group. This indicates that bias in outcome measures between A-and B-groups should be coincidental, and these ten not-truly randomized patients in B-group did not explain the differences. Furthermore, it should be noted that outcome measures and PLO were not taken into account in the randomization. This emphasizes the importance of the adjustment of functional ability and pain at the start of the intervention in comparing unbalanced study groups [42] . Nonetheless, the most important point is that the courses of ODI (and also secondary outcome measures) were stable during the follow-up, indicating that intervention had no effect on their course.
Our result cannot rule out the possibility that individual physiotherapy for selected LSS patients, multidisciplinary intervention, earlier start of intervention, in-patient or other more specific rehabilitation intervention would be beneficial postoperatively in LSS.
The strengths of this study
The study population had LSS as the main diagnosis. We conducted both intention-to-treat-and ''as-rehabilitated'' analyses. The first physiotherapeutic guidance was 12 times (minimum 6 times) to adopt effective home exercises. A-group received significantly more guidance about the exercises at the university clinic with trained and experienced therapists (Table 4 ). The self-acting exercises were well performed during first year, especially during 3-to 6-month postoperative period. This kind of quality of physiotherapy and amount of training would be anticipated to improve the outcome, if the intervention were to have had any effect. The outcome measures were relevant, and have been used in surgical studies of LSS [1, 23, 24, 42] . By used covariates, the effect of initial pain, disability and accumulation of fulfilment of self-acting exercises on outcome could be controlled. This study is in line with the earlier literature [23] , strengthening the concept that ''treatment as usual'' is sufficient postoperatively in LSS. With increasing life expectancy, the incidence and prevalence of LSS will increase in aging population, meaning increase also in rates of LSS surgery. To optimize resources and costs, postoperative physiotherapy should not be prescribed routinely in LSS to improve functional outcome.
Conclusion
Routinely performed outpatient rehabilitation, consisting of physiotherapy guidance with strengthening and stretching muscle exercises at home, did not improve subjective functional outcome during a postoperative two-year follow-up compared to standard treatment. In addition, there were no impact on pain, satisfaction and walking ability.
